Benthic macroinvertebrates were sampled in the Chaguana river basin in SW Ecuador in March (wet season) and September (dry season) of 2005 and 2006. Aquatic insects dominated the macrobenthos, with Trichoptera, Diptera, Ephemeroptera, Hemiptera and Odonata being the orders with the highest diversity and Ephemeroptera and Diptera being most abundant. No systematic differences in richness and abundance were observed between dry and wet seasons, which is in agreement with the literature. It is concluded that, in the neotropics, macroinvertebrates can probably be sampled for water quality assessments during the whole year: however, sampling soon after spates should be avoided. Using multivariate analysis, stations could be clustered into three groups based on their macroinvertebrate community composition: sites with low, intermediate and high human impact. Classification trees indicated that stations with low human impact had low conductivities, while stations with high conductivities were characterised as highly impacted if the dissolved oxygen concentration was low and intermediately impacted if the dissolved oxygen concentration was high. Classification trees also indicated that Leptophlebiidae (Ephemeroptera) were characteristic for sites with low impact; in sites with intermediate impact, this family was absent but Hydropsychidae (Trichoptera) were present; when both families were absent, impact was high.
INTRODUCTION
Seasonality is known to play an important role in structuring the macroinvertebrate community in temperate watercourses and can influence the outcome of bioassessment methods (Linke et al. 1999; Clarke et al. 2002) . Although several studies have already been performed in order to increase the knowledge of seasonal patterns of benthic macroinvertebrates in the neotropics (Flecker & Feifarek 1994; Jacobsen 1998; Jacobsen & Encalada 1998; Melo & Froehlich 2001; Carrera Burneo & Gunkel 2003 , Buss et al. 2004 , further studies exploring the influence of seasonal variation on existing and forthcoming bioassessment methods are required.
From a spatial viewpoint, latitude and altitude can both influence aquatic invertebrate communities in the tropics.
The majority of the reviewed assessment methods for neotropical areas are generally based on a biotic approach, in which the confidence relies on its application within a delimitated geographical area. Therefore, regions should be defined in which the method could be confidently applied to similar aquatic macroinvertebrate communities. These geographical areas, called ecoregions, provide the basis for the implementation of biological methods with score systems related to reference conditions (Gerritsen et al. 2000) .
Artificial intelligence has played a crucial role in modelling the distribution of organisms as a function of the abiotic environment, often called habitat suitability modelling. A range of modelling techniques have been applied for the assessment of running waters based on the distribution of macroinvertebrates. Artificial neural networks , fuzzy logic (Adriaenssens et al. 2004a; Mouton et al. 2009 ), classification trees (Dzeroski et al. 2000; Dakou et al. 2007) , Bayesian belief networks (Adriaenssens et al. 2004b ) and support vector machines (Hoang et al. 2010 ) have proven to have a high potential in macroinvertebrate habitat suitability modelling. Other promising techniques are, for example, evolutionary polynomial regression (Elshorbagy & El-Baroudy 2009; Savic et al. 2009) and cellular automata (Chen et al. 2009 ). However, in the present study, classification trees were used because this technique is applicable for relatively small datasets and because their transparency makes them suitable as a practical tool for decision support by water quality managers.
While Walley & Dzeroski (1995) already applied data mining techniques for biological river quality assessment, Dzeroski et al. (1997) were among the first to describe applications of classification trees in river community analysis. These included the biological classification of British rivers based on biological data, the analysis of the influence of physical and chemical parameters on selected bioindicator organisms in Slovenian rivers and the biological classification of Slovenian rivers based on physical and chemical parameters as well as bioindicator data. Blockeel et al. (1999) made simultaneous predictions of multiple physical-chemical properties of the water from its biological properties using a single decision tree and also predictions of past physicalchemical properties of the river water from its current biological properties. Dzeroski et al. (2000) predicted physical-chemical variables on the basis of biological data; taxa that occurred in many trees were considered as useful indicator taxa. Dakou et al. (2007) induced decision trees to predict the habitat suitability of six macroinvertebrate taxa in the river Axios (Northern Greece). predicted the presence of several macroinvertebrate taxa in Flanders based on a selection of environmental variables. Turak & Koop (2008) defined river types for abiotic features, riffle zones, fish assemblages and macroinvertebrate assemblages from river edges on the basis of reference sites in New South Wales (Australia).
Thus far, most papers dealing with classification trees were mainly focused on the optimisation of model performance, while in the present paper, classification trees were used as a practical tool: indicator taxa and key environmental parameters were derived that can be used for water quality assessment. In our case study in the neotropical Chaguana basin, the water quality was predicted on the basis of the occurring macroinvertebrates and the measured environmental parameters, taking spatial and temporal variability into account.
METHODS

Study area
The Chaguana river basin is located in El Oro Province in SW that organic matter discharges into the river were not the main concern for the ecosystem at the moment of sampling.
However, a wide array of pesticides are applied on banana crops for pest control, of which propiconazole, imazalil, thiabendazole, glyphosate and tridemorph are the most frequently used (Matamoros et al. 2005) . However, because their residence time in the basin is estimated to be only approximately 24 h (Matamoros et al. 2005) , it is difficult to measure peak concentrations and to assess their effect on macroin- Prior to CCA analysis, all data were log transformed, except pH, which is already on a log scale. Since dissolved oxygen concentration and oxygen saturation values were strongly correlated, only the former was retained for analysis.
Based on a training set of 104 samples, classification trees were built using Weka and applying the J48 algorithm and a 10-fold cross-validation (Witten & Frank 2005) . To evaluate the performance of the classification trees, the percentage of correctly classified instances (% CCI) and kappa statistics (K)
were used (Witten & Frank 2005) . CCI is calculated as the percentage of the true predictions: however, K is recommended to be used as a more reliable performance measure because it is a derived statistic that measures the proportion of all possible outcomes that are predicted correctly by a model after accounting for chance predictions (Cohen 1960 Landis & Koch (1977) indicated the degree of agreement that exists when Cohen's kappa is found to be in various ranges such aso0 (poor); 0-0.2 (slight); 0.2-0.4 (fair); 0.4-0.6 (moderate); 0.6-0.8 (substantial) and 0.8-1 (almost perfect). However, predicting more than two states will, of course, be more difficult.
RESULTS
In 2005 (Table 1 ). An unpruned classification resulted in a more complicated tree with 24 leaves: however, such a tree did not perform better (CCI ¼ 61%, K ¼ 0.38).
Another classification tree was developed for predicting the water quality based on the environmental parameters (CCI ¼ 71%, K ¼ 0.52) ( Figure 5 ). Sites with a low impact had a low conductivity, while sites with a high conductivity were highly impacted when the oxygen concentration was low and intermediately impacted when the oxygen concentration was high. The confusion matrix indicated that this tree tended to overpredict the water quality: only on two occasions was the water quality underpredicted, while the water quality was overpredicted on 23 occasions (Table 1) patterns. An inverse relationship is frequently observed between the altitude and the intensity of human activities, such as agriculture, human settlements and cattle grazing, and its related environmental degradation (e.g. organic, chemical and morphological) (Lang & Reymond 1993) . Also in the Chaguana basin, major human activities are carried out in the lowlands, mainly banana farming, which is the dominant crop cultivated in the basin (Matamoros et al. 2005) . The results of the present study confirmed that the higher reach of the basin is only slightly affected by human settlements, leaving streams and its macroinvertebrates in that area in a nearly pristine state (Figure 1 ). However, based on the macroinvertebrate communities, the water quality in the downstream sites was evaluated as poor due to the high human impact. As the highest sampling point in the present study was only 1600 m above sea level, altitude was of lesser importance as a factor limiting oxygen availability by reduced atmospheric pressure.
In lotic ecosystems, the physical environment exerts substantial control over the population abundances and hence the community composition of insects. Some of the physical factors that are of particular importance to aquatic insects include dissolved oxygen concentrations, water temperature and hydrodynamics, and all these factors are characterised by seasonal fluctuations. In contrast to temperate areas, tropical regions are not characterised by strong thermal changes over time. Most tropical regions experience, rather, some degree of seasonality related to rainfall. Also in the Chaguana basin, the annual rainfall is highly seasonal, with major peaks during the months of April and November and significant differences between seasons were detected for parameters such as water temperature, dissolved oxygen and current velocity.
In a coastal Atlantic Forest river in SE Brazil, no differences were found between macroinvertebrate communities at Leptophlebiidae Good water quality Hydropsychidae
Moderate water quality present absent present absent
Poor water quality
Figure 4 9 9 9 9 Classification tree which predicted the water quality based on the occurrence of macroinvertebrate taxa. (Buss et al. 2004) . Melo & Froehlich (2001) found no difference in macroinvertebrate richness and abundance between wet and dry seasons within the Carmo river catchment in Brazil. In two streams in S Brazil, only small differences in the number of families were observed between seasons (Bueno et al. 2003) . Also in four highland streams in S Brazil, no systematic seasonal differences were found in the number of taxa and other diversity indices (Buckup et al. 2007 ). Invertebrate drift in two lowland streams in Costa Rica revealed that all major taxa were found every month; there was a trend for higher densities during the dry season, but these trends were not significant (Ramirez & Pringle 2001) . In eight Ecuadorian highland streams, the number of individuals and species were significantly higher in the dry season than in the wet season; in all streams the composition of the fauna differed markedly between the two seasons, but no consistent changes in community structure were found for the eight streams (Jacobsen & Encalada 1998) . In these Ecuadorian highland streams, more taxa were collected in the dry season at all upstream sites, while at the polluted downstream sites, more taxa were collected during the wet season (Jacobsen 1998) . In the Andean stream Rio Itambi (Otavalo, Ecuador), 40 taxa were observed during the wet season, while 32 taxa were observed during the dry season (Carrera Burneo & Gunkel 2003) . In the present study, no systematic differences in richness and abundance were observed between the dry and wet seasons in the Chaguana catchment. Overall, it can thus be concluded that only minor differences in species richness were observed between seasons.
Not seasons, but spates, are thought to be the major factor regulating benthic densities in the neotropics. Turcotte & Harper (1982) found that benthos densities in a small headwater stream in the Amazon drainage in Ecuador followed a bimodal pattern of rapid decreases and intervening gradual recoveries after spates. Also, in the Venezuelan Andes, major declines in invertebrate numbers were generally associated with spates (Flecker & Feifarek 1994) . Monthly invertebrate densities were inversely related to rainfall at each site and a highly significant positive relationship was observed between invertebrate density and the number of days elapsed since the previous major rainstorm event (Flecker & Feifarek 1994) .
Also Buss et al. (2004) found that, during the wet season, the high precipitation observed before the sampling period led to a decrease in richness at upstream sites and an increase in richness at downstream sites. It can therefore be concluded that spates affect macroinvertebrate richness: due to washout, less species are found upstream, while more species can be observed downstream. The influence of spates on macroinvertebrates should be further investigated by coupling hydrological models with water quality models (van Griensven et al. 2006) . However, in the framework of water quality assessments, sampling macroinvertebrates shortly after spates should be avoided.
In the present study, classification trees were successfully induced to assess the water quality based on the occurrence of macroinvertebrate indicator taxa as well as on the physical-chemical key variables. Dzeroski et al. (1997) indicated that the reduction of the dimensionality of a tree contributed to an easier interpretation of the revealed trends in the data, focusing attention on the important variables. Dakou et al. (2007) found that optimal pruning is an important mechanism as it improves the transparency of the induced trees by reducing their size and enhances the classification accuracy by eliminating errors that are present due to noise in the data. In the present study, tree size was reduced by using a small confidence factor and using a large minimum group size for division. In this way, small trees were obtained which were easy to interpret and which can be used for decision support by water quality managers. Unpruned trees resulted in more complex trees, which did not perform better when based on the occurrence of macroinvertebrates and only marginally better when based on environmental variables. In addition, more complex trees are not only more difficult to interpret, their generalisation capacity is usually also lower due to overfitting to the dataset used.
In the present study, sampling stations were clustered into three groups using multivariate analysis ( 
